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JP 62-208586, A 
Specification 

1. Title of the Invention 

Heater 

2. Scope of Claims for Patent 

(1) A heater comprising a heat generating element which 
has a continuous band-shaped heat generating portion formed on 
a plane with an arbitrary width. 

(2) The heater according to claim 1, wherein the heat 
generating element has an arrangement in that the heat 
generating portion is continuously formed by selectively forming 
gaps in a heat generating material plate having an arbitrary 
shape. 

(3) The heater according to claim 1, wherein the heat 
generating element has an arrangement in that the heat 
generating portion is formed into a staggered shape, a spiral 
shape or a radial sl(iape with an arbitrary width. 

3. Detailed Description of the Invention 

[Industrial Applicable Field] 

The invention relates to a heater for heating a subject to 
be heated such as a semiconductor wafer. More particularly, 
the invention relates to a shape of a heat generating portion of a 
heat generating element. 

[Prior Art] 

Conventionally, in a heating process for a semiconductor 



wafer made of a material such as gallium-arsenide and 
phosphor-aluminum, for example, a heater, shown in Fig. 8, is 
used as a heating source. 

This heater has an arrangement in that a heat generating 
element 6 is formed by rolling up a heat generating resistance 
band 2 prepared by forming a heat generating resistor that 
generates heat upon electric conduction into a band shape, with 
an insulating member 4 interpolated therein, and this heat 
generating element 6 is housed in a ceramic container 8, with a 
thermocouple 10 serving as temperature measuring means being 
embedded in the insulating member 4 in the center portion of 
the heat generating element 6, as shown in Fig. 9, so that 
electrodes 12 and 14 of the heat generating element 6 and lead 
wires 16 and 18 of the thermocouple 10, which are covered by a 
protective tube 20, are drawn from the bottom face of the 
ceramic container 8. 

Therefore, in the above-described heater, when a current 
is allowed to flow through the heat generating resistance band 2 
by applying a necessary voltage between the electrodes 12 and 
14, Joule heat is generated by the current and a resistance 
derived from the heat generating resistance band 2, and this 
heat is used as a heating source. Here, the temperature of the 
generated heat is determined by the product (R»I 2 ) of the 
resistance value (R) and the square of the value (I 2 ) of the 
current flowing thereinto; therefore, supposing that the 
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resistance value is constant, the current flowing thereinto is 
increased or reduced so that the temperature of heat generation 
can be controlled to an arbitrary value. 

[Problems to be Solved by the Invention] 
In the case of the heater formed by rolling up a heat 
generating resistance band 2 together with the insulating 
member 4, however, the following problems are raised: 

(a) Since the heat generating resistance band 2 is rolled 
up with fixed intervals, the generated heat is applied in a 
synergetically increasing manner toward the center portion, 
with the result that the temperature distribution in heat 
generation of the heat generating element 6 has a temperature 
gradient with a higher temperature in the center portion and 
gradually decreasing temperatures toward the peripheral 
portion due to heat radiation. For this reason, it is difficult to 
provide an even surface temperature, and it is also very difficult 
to carry out electrical controls so as to provide an even 
temperature in heat generation. 

(b) The heat generating element 6 uses heat generating 
resistance band 2 having a thickness of about 1.2 mm and a 
width of about 12 mm and, when the heat generating resistance 
band 2 is rolled up together with the insulating member 4, it 
becomes difficult to sandwich the insulating member 4 with even 
gaps from the viewpoint of production, and uneven gaps of the 
heat generating resistance band 2 also cause uneven diameters 
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in the heat generating element 6, resulting in poor 
reproducibility. 

(c) The forming process of the heat generating resistance 
band 2 depends on a heat-molding process, and tends to cause 
defects in thermal strength, such as thermal deformation, 
disconnection and short-circuiting, due to thermal stress. 

Therefore, an object of the invention is to provide a heater 
which provides an arbitrary temperature distribution in heat 
generation and improved thermal strength. 

[Means for Solving the Problems] 

As shown in Figs. 1 and 2, the heater of the invention is 
provided with a heat generating element 6 having a continuous 
band-shaped heat generating portion 24 formed on a plane with 
an arbitrary width. 

[Functions] 

As shown in Figs. 1 and 2, the heater of the invention has 
a band-shaped heat generating portion 24 that forms a heat 
generating element 6, and this portion is placed on a plane. 
Therefore, it becomes possible to effectively utilize heat 
radiation of the heat generating portion 24, and the width of the 
heat generating portion 24 can be adjusted to obtain an 
arbitrary heat generating distribution. In addition, since the 
heat generating element 6 needs no bending process or the like, 
it becomes possible to improve the thermal strength. 

Moreover, in the heater of the invention, the heat 
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generating element 6 may have an arrangement in that the heat 
generating portion 24 is continuously formed by selectively 
forming gaps in a heat generating material plate having an 
arbitrary shape. Thus, the heat generating surface is allowed 
to effectively utilize heat generation from the heat generating 
material plate that is the original plate. Further, in 
comparison with the conventional arrangement in that the heat 
generating resistance band 2 is rolled up so that heat generation 
from the edge portions is utilized, it becomes possible to 
increase the temperature of heat generation per unit area, to set 
the temperature distribution of heat generation, and 
consequently to reduce the necessary area. 

In the heater of the invention, the heat generating 
element 6 may have an arrangement in that the heat generating 
portion 24 is formed into a staggered shape, a spiral shape or a 
radial shape with an arbitrary width. Thus, an arbitrary 
temperature distribution is prepared, and it becomes possible to 
reduce the used amount of the heat generating material and also 
to reduce the necessary area. 

[Embodiments] 

Hereinafter, description will be given of embodiments of 
the invention with reference to the drawings. 

Figs. 1 and 2 show an embodiment of a heater of the 
invention. 

This heater has an arrangement in that an insulating 
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member 4 is housed in a bottomed, cylinder-shaped container 8 
made of a heat-insulating material such as ceramics, and a 
plate-shaped heat generating element 6 is placed on the surface 
of the insulating member 4. 

As shown in Fig. 3, the heat generating element 6 is 
prepared as a heat generating material plate having an 
arbitrary shape, that is, for example, an arrangement in that 
gaps 22 are selectively formed in a circular heat generating 
resistance plate 30 to form a continuous heat generating portion 
24 having a band shape. 

As shown in Fig. 3, the heat generating portion 24 of the 
heat generating element 6 is constituted by portions of the heat 
generating resistance plate 30 from which the gaps 22 are 
excluded. By narrowing the width of the gap 22, almost all the 
surface of the original shape of the heat generating material 
plate is allowed to serve as a heat generating face. Therefore, 
the shape and area of the heat generating element 6 can be 
determined in accordance with the shape and size of a subject to 
be heated, such as a semiconductor wafer. 

Here, as shown in Fig. 2, electrodes 12 and 14 attached to 
the bottom face of the container 8 are connected to ends of the 
heat generating element 6 through heat generating resistance 
wires 26 and 28 as conduction means, and lead wires 16 and 18, 
which are drawn from a thermocouple 10 serving as a 
temperature detector, embedded in the insulating member 4 in 
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the center of the lower surface of the heat generating element 6, 
are drawn outside through a protective tube 20 attached to the 
bottom face of the container 8. 

Therefore, when a current is allowed to flow through the 
heat generating element 6 by applying a voltage between the 
electrodes 12 and 14, the heat generating element 6 is heated by 
the current; thus, the temperature of heat generation is detected 
by the thermocouple 10, and the resulting detection data is 
taken out from the lead wires 16 and 18 and is utilized for 
temperature control. 

In this arrangement of the heat generating element 6, by 
adjusting the formation position and range of the gaps 22, it is 
possible to provide arbitrary temperature distributions of heat 
generation, such as an even distribution of the temperature in 
heat generation and a partially different distribution of the 
temperature in heat generation; thus, it becomes possible to 
reduce the used amount of the heat generating material and also 
to reduce the necessary area. 

For example, as shown in Fig. 4, the heat generating 
element 6 divides the circular heat generating resistance plate 
30 used as the heat generating material plate into two regions in 
the diameter direction, and the gaps 22 are selectively formed in 
each of the regions so as to provide a band-shaped heat 
generating portion 24 having a staggered form. Therefore, 
almost all the original form of the circular heat generating 
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resistance plate 30 is used as the heat generating surface, 
thereby making it possible to provide an even temperature 
distribution in heat generation, and consequently to increase the 
temperature per unit area. 

As shown in Fig. 4, with respect to the heat generating 
element 6, gaps 22 are formed in a circular heat generating 
resistance plate 30 selected as the heat generating material 
plate, through a cutting process, such as a wire-cut discharging 
process and a laser process, in a manner as indicated by a 
broken line; thus, it is possible to prepare a band-shaped heat 
generating portion 24 formed by bending a sheet of heat 
generating resistance plate 30 into a staggered shape. In 
accordance with such a processing method, it is possible to 
provide a heater which has high precision in dimension and 
superior reproducibility, and is capable of desirably setting the 
shape of the heat generating portion 24 so as to provide various 
kinds of heat generating distributions. Here, with respect to 
the forming process of the heat generating element 6, in addition 
to the wire-cut discharging process and the laser process, 
various processing methods, such as a machining process and a 
press-working operation, may be used as means for processing 
the heat generating portion 24 into an arbitrary shape. 

As shown in Fig. 5, the heat generating element 6 can be 
constituted by two heat generating element pieces 6A and 6B. 
Each of the heat generating element pieces 6A and 6B is formed 
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as follows. After cutting a heat generating resistance band into 
a rectangular shape, a plurality of these bands are superposed, 
and gaps 22 are cut off to form heat generating portions 24 
having a staggered shape, and a connecting portion 32 and a 
terminal portion 34 are formed in each of the ends thereof. In 
this case, a through hole 36 through which the heat generating 
resistance wires 26 and 28 serving as conductive wires are 
connected is formed in the terminal portion 34. Then, the two 
heat generating element pieces 6A and 6B are placed 
symmetrically so that the respective terminal portions 34 are 
aligned face to face with each other, and the respective 
connecting portions 32 are connected to each other through 
welding or the like so that a circular heat generating element 6 
is formed. When the circular heat generating element 6 is 
formed by these heat generating element pieces 6A and 6B, the 
heat generating resistance plate 30 is formed by using such a 
heat generating element 6 having a narrowed radial width so 
that it is possible to reduce the necessary heat generating 
material plate and also to increase the yield of production. 

Moreover, as shown in Fig. 6, the heat generating element 
6 may be prepared as a heat generating portion 24 formed into a 
staggered shape like arcs, and a connecting portion 32 is placed 
in the center thereof so as to connect the heat generating 
element pieces 6A and 6B. In this case, supposing that the 
widths of the heat generating portions 24 are a, b, c, d, e, f, g 
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and h and that the width of the gaps 22 is i, the width i is set to 
a constant value, with the gaps of the heat generating portions 
24 being set so as to satisfy, for example, a>b>c>d>e>f>g 
> h, so that the resistance value of the heat generating portions 
24 is gradually lowered toward the peripheral portion. Thus, it 
becomes possible to provide an even temperature distribution of 
heat generation of the heat generating element 6 by 
compensating for the temperature of heat radiation. Here, the 
widths of the heat generating portions 24 may be set to three 
levels, such as a (=b = c = d)>e(=f)>g (=h). 

In addition, the shape of the heat generating portion 24 of 
the heat generating element 6 may be designed to various 
shapes such as a radial shape or a spiral shape, and the width 
thereof may be desirably adjusted to provide an arbitrary 
temperature distribution. 

Here, in the case where this heater is used for heating a 
semiconductor wafer, as shown in Fig. 7, a quartz plate 38 is 
placed on the heat generating face of the heater, and a heat 
conductive plate 40, such as a carbon (SiC) plate, which has 
superior thermal conductivity and evenly transmits heat, is 
placed on the quartz plate 38, and a semiconductor wafer 42, 
which is a subject to be heated, is placed thereon so as to carry 
out a heating process. 

Here, in the embodiment, the outer circumferential shape 
of the heat generating element 6 is a circular shape with the 
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heat radiation face of the heater being also formed into a 
circular shape; however, in the case where the heat radiation 
face is designed in accordance with the shape of the subject to be 
heated, the heat generating element 6 may have an arbitrary 
shape, such as a square shape and a triangular shape, that 
corresponds to the heat radiation face, or a plurality of heat 
generating elements 6 having arbitrary shapes may be combined 
in response to the heat radiation face. In these cases, the 
distribution of heat generation may be set in a manner so as to 
have locally different values. 

[Effects of the Invention] 

As described above, the invention provides the following 
effects. 

(a) Since heat generating portions each having an 
arbitrary width are formed as a flat surface by using a 
plate-shaped heat generating element, it is possible to increase 
the heat generating efficiency and, also, to provide an arbitrary 
temperature distribution in heat generation. Thus, it becomes 
possible to improve the dimensional precision in the heat 
generating face, to prevent occurrences of deformation, 
disconnection and short-circuiting due to heat, and consequently 
to increase the thermal strength. 

(b) The heat generating element allows the original 
surface of a heat generating material plate to entirely serve as a 
heat generating portion; therefore, it is possible to provide a 
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high temperature in heat generation per unit area, to increase 
the heat generating efficiency, to reduce the used amount of the 
heat generating element with respect to the effective 
temperature, and consequently to reduce the necessary area. 

(c) S ince the heat generating element is formed into a 
given shape, it is possible to apply the element to various types 
of subjects to be heated that have various shapes and sizes, and 
consequently to improve the degree of freedom in designing 
heaters. 

4. Brief Description of the Drawings 

Fig. 1 is a perspective view that shows an embodiment of 
a heater in accordance with the invention, Fig. 2 is a vertical 
sectional view of the heater shown in Fig. 1, Fig. 3 is a 
perspective view that shows a shape of a heat generating 
element of the heater shown in Fig. 1, Fig. 4 is a perspective 
view that shows a forming method of the heat generating 
element of the heater shown in Fig. 1, Figs. 5 and 6 are plan 
views that show specific shapes of the heat generating element, 
Fig. 7 is a side view that shows a case where a semiconductor 
wafer is heated by using the heater shown in Fig. 1, Fig. 8 is a 
perspective view that shows a conventional heater, and Fig. 9 is 
a partially exploded perspective view that shows a state where 
ends of a heat generating resistance band and a thermocouple 
are placed in the heater shown in Fig. 6. 

6... heat generating element, 22... gap, 24... heat 
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